Abstract: Salinity influences the agricultural production all over the world. This constrain, similar to others biotic and abiotic stresses generate the reactive oxygen species such as superoxide, hydrogen peroxide and hydroxyl radicals. In the evolution process of halophyte plants the mechanisms to detoxify ROS, such as antioxidant enzymes, have been developed. Aeluropus littoralis is a special halophyte that selected to our research, so the plants treated with NaCl at different salt concentration (0, 250, 450 and 650 mM) for a period 45 days. Leaves and roots (separately) collected and their proteins extracted for superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX) and peroxidase (POD) activity assay. Meanwhile the electrolyte leakage of leaves analyzed and increased at 450 and 650 mM of NaCl concentrations. Superoxide dismutase and catalase showed same pattern for changing in enzymatic activities (increasing activity by salt stress in roots and decreasing in shoot at 450 and 650 mM stress), also peroxidase and ascorbate peroxidase activity almost increased in all stress conditions.
Introduction
Salinity is one of the major confine factors for plant growth and production particularly in arid and semiarid regions (Hafsi et al. 2010; Modarresi et al. 2013c) . Salinity stress has negative effect on gas exchange, resulting less CO 2 for photosynthesis followed by significant reduction of electron cycle transportation. This process generate ROS (Mateo et al. 2004; Noreen & Ashraf 2009 ), such as singlet oxygen, superoxide anion, hydrogen peroxide, and hydroxyl radical (Ben Amor et al. 2005) . These cytotoxic oxygen radicals, are highly active and in the lack of protection system it can be deleterious for lipids, protein and nucleic acids (Davies 1987; Dionisio-Sese & Tobita 1998) . For example, H 2 O 2 can down-regulate CO 2 assimilation by inhibiting several Calvin cycle enzymes (Asada 2006) . All plants have different mechanisms to scavenge ROS, including antioxidant enzymes, such as superoxide dismutase (SOD), catalase (CAT), peroxidase (POD), ascorbate peroxidase (APX) and/or non-enzymatic antioxidants such as ascorbic acid, tocopherols, carotenoids and flavonoids (Schafer et al. 2002; Seckin et al. 2010) . Among antioxidant enzymes, SOD is one of the most important antioxidant while can scavenge O .− 2 and its enzymatic action results in H 2 O 2 and O 2 formation (Bowler et al. 1992; Deeba et al. 2012) . Then, H 2 O 2 is detoxified mainly by CAT in glyoxysomes and peroxisomes and by APX in chloroplasts (Seckinet al. 2010; Shigeoka et al. 2002) .
Halophyte plants are more capable to express these type of mechanism for their protection (Athar et al. 2008; Mittler 2002) . Aeluropus littoralis is a perennial halophyte, native and grassy plant growing at different region of Iran particularly in central desert and coastal Caspian Sea zone. This plant capable of enduring salt (NaCl) up to over 1% (Li & Liu 1994) and has small genome (2n = 14) chromosomes which can be a rich genetic source for gene manipulation and using it for crop improvement (Modarresi et al. 2012 ). There are very few reports about the effect of salt stress on physiological characteristics of this plant. In the present work, we studied the relationship between antioxidant enzymes and salt tolerance in 45 days stress treated leaves and roots of halophyte plant Aeluropus littoralis. 250 µmol m −2 s −1 photosynthetic active radiation. then using Hoagland nutrient solution for further growth (Hoagland & Arnon 1950) . The nutrient solution was bubbled and exchanged once a week. After 30 days well developed plants, the culture was supplemented with different NaCl concentrations 0, 250, 450 and 650 mM. The salt treatment applied gradually to avoid osmotic shock. After 45 days treatment, fully expended plant leaves and roots were collected, frozen immediately in liquid nitrogen, and stored at -80
Material and methods

Plant materials
Electrolyte leakage To determine electrolyte leakage, 100 mg samples were cut into 5 mm length and placed in tubes with 10 mL distilled deionized water. The tubes were covered with plastic caps and placed in a water bath for 2 hrs, then electrical conductivity of the medium (EC1) was measured using an electrical conductivity meter (CM-115, Kyoto Electronics, Kyoto, Japan). The samples were autoclaved afterwards at 121
• C for 20 min, to obtain the whole electrolytes. Samples were then cooled to 25
• C and the final electrical conductivity (EC2) was measured. The electrolyte leakage (EL) evaluated according this formula: [EL = EC1/EC2 × 100]
Protein extraction
The frozen shoot and root material were ground finally with liquid nitrogen, then extracted down using (100 mg FMw, 500 mL) at 4
• C in 100 mM Tris-HCl buffer (pH 8.0) containing 10 mM EDTA, 50 mM KCl, 20 mM MgCl2, 0.5 mM PMSF, 1 mM DTT, 0.1%(v/v) Triton X-100, and 10% (w/w) PVP. The homogenate material centrifuged at 14,000 g for 30 min at 4-8 al. 2005) . Then the supernatant was used for protein content and evaluate the antioxidative enzymes activities in three replications. Protein concentration was determined according to Bradford using bovine serum albumin as a standard (Bradford 1976) .
Enzyme assay Superoxide dismutase (EC 1.15.1.1) activity was assayed using the method of Beauchamp & Fridovich (1971) . The reaction solution (3 mL) contain 75 µ M NBT, 4 µ M riboflavin, 13 mM methionine, 1 µM EDTA, 50 mM phosphate buffer (pH 7.8), and 20-50 µL enzyme extract. The samples were irradiated under a light (360 nm fluorescent lamps) for 6 min. The absorbance of the irradiated solution at 560 nm was determined with a spectrophotometer (Hitachi U-2100, Tokyo, Japan). One unit of SOD activity means the amount of enzyme which caused 50% inhibition of photochemical reduction of NBT.
Catalase (EC 1.11.1.6) activity was measured based on the decomposition of H2O2 at 240 nm for 1 min (Aebi 1984) . The reaction mixture (1.5 mL) consisted of 50 mM Na phosphate buffer (pH 7.0), 0.1 mM EDTA, 30% H2O2 and 100 µL enzyme extract. The decrease in the absorption was followed for 3 min and 1 mmol H2O2 mL −1 min −1 was defined as 1 unit of catalase.
Peroxidase (EC 1.11.1.7) activity was measured according to Ranieri et al. (2000) by following the change in absorbance at 460 nm due to o-dianisidine oxidation in the presence of H2O2 and enzyme. The reaction mixture contained 20 mM phosphate buffer (pH 5.0), 1 mM dianisidine, 3 mM H2O2 and 50 mL of extract. POD activity was expressed as unit (mmol of oxidized dianisidine per min) per mg of protein.
Ascorbate peroxidase (EC 1.11.1.11) activity was assayed according to Nakano and Asada (1981) . The reaction mixture (1.5 mL) contained 50 mM phosphate buffer (pH 7.0), 0.1 mM EDTA, 0.05 mM ascorbate, 1.2 mM H2O2 and 100 µL of enzyme extract. The reaction was started by the addition of H2O2 and ascorbate oxidation measured at 290 nm for 1 min. The concentration of oxidized ascorbate was calculated by using extinction coefficient of 2.8 mM −1 cm −1 . One unit of APX was defined as 1 mmol mL −1 ascorbate oxidized min −1 .
Statistical analysis
All analyses were done according to a completely randomized design at 5 replications. Data analyses were carried out using SPSS version 18 and Microsoft Excel program software.
Results and discussion
Electrolyte leakage
The leaf membrane permeability changed rather than RWC, chlorophyll a, b and total carotenoids at different salt concentration (data not shown). It means conductivity percentage increased by increasing the salt concentration (Fig. 1) . Influence of salt stress on membrane integrity has been studied in many plant species by electrolyte leakage test. The extent of membrane damages varies due to the tolerance of plant species against salinity. The SOD enzyme activity at different level of salt concentration is indicated at Fig. 2 . The SOD activity of leaves increase at 250 mM (170% comparing to the control) but decreased at 450 and 650 mM 28 and 11 percent respectively, meanwhile the activity of this enzyme at root level at different concentration increased 5.5 and two times respectively. Based on this results, it is concluded that, the root system is directly faced by more concentration of salt, so it shown most osmotic stress tolerant comparing to the shoot, but .Yan & Guizhu (2007) reported that the most developed root mechanism are the reason of most SOD activity in some other halophyte plants. Jiang et al. (2007) analyzed the proteome of Arabidopsis roots under NaCl stress and showed that detoxifying enzymes such as APX and SOD are up regulated by salt stress. Increases in SOD activity reported in Oilseed Rape (Abedi & Pakniyat 2010) and Rice (Khan & Panda 2008) under abiotic stress.
CAT activities subjected to different NaCl concentrations shown in Fig. 3 . The salt activity behavior at 250, 450 and 650 mM NaCl followed the same pattern that SOD has shown. It means although the shoot and root at 250 mM increased almost 2 times but in higher concentration the shoot CAT activities reduced 58 and 82%, but at root level increased 260 and 220 percent. The same SOD and CAT enzyme activities in salt tolerant maize has reported by .de Azevedo Neto et al. (2006) . It may also be associated with degradation caused by induced peroxisomal proteases or may be due to the photo-inactivation of the enzyme (Abedi & Pakniyat 2010) .
POD activity in different NaCl concentrations shown in Fig. 4 . The peroxidase enzyme activity of shoot shown higher at 250, 450 and 650 mM 3.6, 4.16 and 1.9 fold comparing to the control respectively. For root, the previously mentioned enzyme activities reduce at 250 mM up to 34% comparing to the control (1) but for the salt concentration of 450 mM the enzyme activities reached up to 1.9 times and finally at 650 mM reduce almost to the control level (1.1). The same results also reported by Amor et al. (2007) in the Cakile maritime up to 400 mM NaCl stress. Furthermore, there are numerous reports for increasing POD activity under abiotic stress conditions in various plants, like sunflower (Gunes et al. 2008) , poplar (Xiao et al. 2008) and strawberry (Turhan et al. 2008) .
Ascorbate peroxidase activities indicated in Fig. 5 . Ascorbate peroxidase activities increased at shoot at any salt concentration 6.7 and 8 times comparing to the control respectively. In root although the ascorbate peroxidase enzyme activities increased at any salt concentration comparing to the control, but over than 250 mM the amount of this enzyme decreased at 450 and 650 mM and 1 fold comparing to the 250 mM. The role of APX in stress tolerance was shown in APX antisense tobacco, a plant species highly sensitive to oxidative damage (Örvar & Ellis 1997) .
Plants have shown various responses to the biotic and abiotic including salinity stress. So understanding the potential salinity tolerance of cereal related family, may help the breeders to develop new salt tolerant varieties. The conclusion of this experiment is that the antioxidant enzyme related genes of Aeluropus littoralis were more expressed in salinity stress condition. Furthermore we understood that by increasing SOD activity the activity of CAT also increased and by reduction of SOD, the CAT activities also reduced, so it means, there are fully correlation between these two enzymes activities against salinity stress, but there are no correlation between these two enzymes activities with others antioxidant enzymes such as APX and POD. SOD and CAT have same pattern changes activity, because catalase is involved in scavenging hydrogen peroxide that formed by the disputation of superoxide anions, catalyzed by SOD. previously suggested a relation between these enzyme activities (Mhadhbi et al. 2004) . In addition to low SOD activity at higher salt concentration, the rate of electrolyte leakage increased, so this result shown that deleterious effect of superoxide radicals on cell wall and plant growth. Although all studied antioxidant enzymes activities increased at 250 mM but at higher concentration their enzymes activities fluctuated. Therefore, by isolation of the genes controlling antioxidant enzymes of Aeluropus littoralis and transferring them to the cereal plants, the most tolerant plant may be developed. Aeluropus littoralis plants are able to cope with heavy stress conditions of salinity by employing an antioxidant and other effective ways such as maintaining of leaf water status. This plant has the potential to become a genetic source for improving tolerant plants to abiotic stresses in economically important crops (Ben Saad et al. 2010 ). Previously we isolated and cloned some antioxidant enzyme genes (Modarresiet al. 2012 (Modarresiet al. , 2013b ) such as SOD (Genbank accession number: HM107007), CAT (HQ389206) and APX (JF907687, JF819725). Another experiments for transformation antioxidants genes to model plants currently underway.
